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was investigated from aqueous and aqueous-detergent media by a modiﬁed limited batch technique.
The cation exchange studies involved the sorption of metallic ions onto a Lewatite S-100 exchanger.
Effects of mesh size of the exchanger, temperature and detergent on the exchange rate have been
investigated. The mechanisms of cation exchanges have been determined in the temperature range
of 25–65 C. In all cases of the reactions ions, diffusion is found to be the rate determining step in
the exchange process. The exchange rate in the exchange process was found to increase with a
decrease of particle size and an increase of temperature. However, in case of the inﬂuence of deter-
gent, the exchange reactions are dependent on the reaction technique. The effective-diffusion coef-
ﬁcients have been evaluated at three different temperatures. The energy barriers (DEa), entropies of
activation (DS*), (DH*) and (DG*) for various sorption systems have also been calculated. The
results are discussed in terms of size and valences of the counter ions. No change in the internal
structure of Lewatite S-100 is inferred due to the sorption of counter ions.
ª 2011 King Saud University. Production and hosting by Elsevier B.V.(A.A.S. Aboul-Magd).
y. Production and hosting by
Saud University.
lsevier
Open access under CC BY-NC-ND license.
ND license.1. Introduction
Water is an interesting topic of discussion nowadays and
plays an important role in the lives of human beings and
the natural environment, and the subsequent discussion of
municipal treatment of water in the use of wastewaters and
industrial wastewaters is dealt with. Therefore, we must treat
wastewaters before being used in agriculture and at home.
But how can we reuse water from the wastewater obtained-
from many factories? The most popular methods to purify
heavy metals in wastewater are chemical precipitation (Esalah
et al., 2000), electrode deposition (Mohammadi et al., 2005),
Nomenclature
s standard deviation
r.s relative standard deviation
i.e independent error
c.I conﬁdence limit
r.e relative absolute error
a slope
b intercept
a standard deviation in the slope
b standard deviation in the intercept
r correlation coefﬁcient
Table 1 shows the main statistical values of ferric, cadmium
and sodium ions.
Fe(III) Cd(II) Na(I)
l 0.1 0.1 0.1
x 0.101 0.099 0.103
s 6.058 · 103 6.140 · 103 1.673 · 103
r.s 5.986 6.202 1.624
i.e ±7.521 · 103 ±7.623 · 103 ±2.077 · 103
c.l 0.101 ± 7.521 · 103 0.099 ± 7.623 · 103 0.103 ± 2.077 · 103
E 0.001 0.001 0.003
r.e 0.990 1.010 2.913
. . . . . . . . . 2
. . . . . . . . . 4
. . . . . . . . . 0
. . . . . . . . . 0
. . . . . . . . . 1
396 A.A.S. Aboul-Magd, O.A. Al-Haddadand ultra-ﬁltration (Zouboulis et al., 1997). Bio-adsorbent
processes (Bhattacharyya and Sharma, 2004) and ion-
exchange process are developed to remove heavy metals from
industrials wastewater and from water used for domestic
uses.
The rate factor in ion-exchange adsorption is recognized for
its importance for the economic and industrial employment of
ion-exchange resins. The ion exchange kinetics of simple metal
cations, particularly of alkali and alkaline earth metal ions on
different minerals (Rawal and Thind, 1976), inorganic (O¨zcan
et al., 2005) and organic resins (Lee et al., 2007; Juang et al.,
2003) has been studied. However, little information has been
paid to the kinetics and mechanism of ion exchange of various
co-valences on organic resins.
In the present study, exchanges on Lewatite S-100 resin are
investigated for the kinetics and mechanism of Fe(III), Cd(II)
and Na(I) from pre-prepared solutions. Various parameters
have been studied, such as contact time, solution concentra-
tions, resin sizes, temperatures and non-ionic surfactant in dif-
ferent methods (loading or by immersion).The kinetics and
isotherm of Lewatite S-100 was carried out using various ki-
netic models. The experimental data were ﬁtted into ﬁrst order.
The calculated thermodynamic parameters from the diffusion
coefﬁcient were also used to explain the nature of the exchange
mechanism.
2. Experimental
2.1. Materials and methods
2.1.1. Reagents and chemicals
All the reagents used were of A.R. (Analytical Reagent) grade
chemical of FeCl3, CdCl2 and NaCl. Stock solutions of the test
reagents were prepared by dissolving the metal ions in distilled
water. The Surfactant (N,N-dimethyldodecyl amine (DMDA)
which is non-ionic with an empirical formula CH3(CH2)11
(CH3) has been used in the study.
The concentrations of Fe(III) and Cd(II) were determined
titrimetrically with EDTA in presence of p-chloroaniline at
pH 3 and teron (sulphosalicylic acid) as an indicator in the case
of ferric ions and in the case of Cd(II) was titrated at pH 8–10
in the presence of Eriochrom Black T. (Vogel, 1985). Na(I) ion
was determined with a ﬂame emission spectrophotometer;
CORNING410 and using Beer–Lamberts law, (Vogel, 1985).
Air-dried strongly acid (Lewatite S-100 H-form and Bayer
Co.), swelling 47–54%, diameter size 0.3–1.2 mm has been
used. The exchanger was passed through different sieves and
the fraction 500–580 lm and 250–425 lm mesh sizes were
collected with 0.036 cm and 0.027 cm, respectively, weremeasured using sliding microscope. Total capacity of r=
0.036 cm (2.320 m eq./g dry resin) and at r= 0.027 cm
(3.52 m eq./g dry resin) was determined.(Hellferich, 1962).
Under these conditions, exchange capacity and other optimum
conditions were determined in a batch system.
The optimum conditions were concentration, stirring time,
resin amount, and instuments used were thermostat; Cole Pal-
mer ± 0.1 C, magnetic stirrer; Snider’s 3422 and Sensitive
balance; Me´tier AJ 150.
2.2. Procedures
The working solutions 2.0–0.1 · 103 M/1 phosphate, sulfate
and chloride were prepared by appropriate dilution of the
stock solutions immediately prior to their use. After three
times recycling of the resin in a column system with NaOH
and NaCl solutions to remove eventual chemical residues
trapped in the mixtures of the resin during its preparation,
the sample was ﬁnally converted into OH-form by NaOH
0.01 M.
2.3. Calculation of statistical values of transactions
Statistical estimate for the determination of the studied ions
concentrations is presented in Table 1.
2.4. Kinetic measurements
Rates of exchange were investigated by the limited batch tech-
nique. Solutions of cations [0.1, 0.05, and 0.01 M] were taken
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temperature. When the desired temperature was reached 0.2g
weight of of exchanger was added and the ﬂask was thor-
oughly stirred using a magnetic stirrer in a water bath
±0.1 C. After appropriate intervals of time one cut of the
solution was withdrawn using a pipette to withdraw 0.2 ml
to determine the concentration in each interval of time. The
experiments were conducted at 45 and 65 C. In the experi-
ments of the kinetic investigation, surfactant was contacted
with different methods the ﬁrst with loading on the resin, the
second is with immersion and was added directly on the reac-
tion medium in the concentration range of 104–105 M.2.5. Rate expression and evaluation of kinetic and
thermodynamic parameters
As the limited bath technique was used, the equation
developed by Boyd and Soldano (1953) and improved by
Reichenberg (1953) were used. The extent of reaction (F) is
expressed as:
F ¼ Amount of the metal ion ðm eq:Þ exchanged at time t
Total amount of the metal ion exchanged at equilibrium
¼ Qt
Q1
ð1Þ
According to the batch limited technique, if the F is expressed
asthe rate of the exchange and can be determined by three dif-
ferent steps.
(a) If the particle diffusion is the rate determining step, the
equation is;
F ¼ Qt
Q1
¼ 1 6
p2
X1
n¼1
expðn2BtÞ
n2
ð2Þ
where B is the correlation time and equal to p2Dt/r
2., r= ra-
dius of the particle, Dt = effective diffusion coefﬁcient of the
two ions undergoing exchange within the exchanger.
Values of Bt as a function of F may be calculated as tabu-
lated by Reichenberg (1953).
Also, the rate of the exchange process is given by the
relation;
lnð1 F2Þ ¼ Rt ð3Þ
By plotting ln (1  F2) against the time t, a straight line is ob-
tained with slope equal to R*, from R*, the values of D* which
is the diffusion coefﬁcient through the particle can be assumed
using the relation R* = D*p2/r2, where D* is the diffusion coef-
ﬁcient of the particle. Then the half-life time of the rate ex-
change process, can be calculated from the equation t1/
2 = 0.03r
2/D*, by assuming F= 0.5.
(b) If the diffusion processes through the thin layer at the
bounding ﬁlm are limiting or are the slowest step, the rate of
transfer of ion across the boundary ﬁlm can be given as,
lnð1 FÞ ¼ Rt ð4Þ
(c) If the low step is deﬁned by the law of mass action, the
rate of exchange process of ion can be given by;
lnð1 FÞ ¼ St ð5Þ
By comparing the last two equations, S and R. are similar, a
linear regression between ln (1  F) against time t S and Rare signiﬁcant from the slope and R or S is equal to
3DC1=rodC

1.
Where D is the effective diffusion coefﬁcient through thin
layer of the particle, ro is the radius of particle in the dry resin
state, d is the thickness of the thin layer and approximately
equal 1 · 103 (Hellferich, 1962), C1 and C1 are the concen-
tration of ions in solution phase and the concentration of
counter ions in the solid phase, respectively.
The half-life time (t1/2) for the exchange processes at
F= 0.5 could be calculated using the relation;
t1=2 ¼ 0:23rodC1=DC1 ð6Þ
Values of F which were calculated from the experiments were
may be used and applied to different number of the forms to
identify different forms of the model used. Giving the two
forms as follows;
I-First order lnð1 FÞ ¼ b at ð7Þ
where a the slope and the intercept b of y-axis;
II-Parabolic diffusion law F ¼ bþ at1=2 ð8Þ2.6. The activation energy and thermodynamic functions
Net reaction energy and pseudo thermodynamic functions of
ferric, cadmium and sodium were calculated. From the values
of the effective diffusion coefﬁcients (D) at different tempera-
tures (25, 45 and 60 C) we can calculate the Arrhenius activa-
tion energy (Srivastava et al., 1982).
D ¼ Do expðEa=RTÞ ð9Þ
The pre-exponential constant Do gives the entropy of activa-
tion DS* as (McKay, 1998);
Do ¼ 2:72d2kt=hexpDS=R ð10Þ
where k, h and R are the Boltzmann, Planck and gas constants,
respectively, d is the average distance between the successive
exchange sites and is taken as 5 A˚ (Hellferich, 1962). T
(=273 K) is the temperature on the Kelvin scale.
DG* is the free energy of activation which could be calcu-
lated using Eq. (11) (Jencks, 1969);
DG ¼ DH  TDS ð11Þ
The entropy of activation DS* can be calculated from the rate
constant in Eq. (12) using Eyring rate theory (Laidler, 1965) or
from its relation with DG* Eq. (11).
D ¼ kt=h expDS=R expDH=RT ð12Þ
Using Eq. (12) to calculate DH* from the relation with Ea;
DH ¼ Ea  nRT ð13Þ3. Results and discussion
The effects of metallic concentration in the external solution,
particle size at r= 0.027 and 0.036 cm, temperature and deter-
gent (DMDA) on the rate of exchange sorption in the presence
of cation exchanger Lewatite in the H-form are depicted for
some typical systems in Figs. 1–4, respectively.
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Figure 1 Plots of the extent of exchange F vs. t at 25 C for metallic ions under study on Lewatite S-100 exchange resin in H-form and at
different concentrations (effect of contact time) d= 0.01 M, .= 0.05 M and n= 0.10 M.
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The effect of the extractant concentration was investigated by
varying the concentration of ferric, cadmium and sodium
ions from 0.0005 to 0.0015 M in Fig. 1. The overall exchange
takes place in two distinct phases; a relatively quick exchange
in the ﬁrst stage is followed by a slower one, till the equilib-
rium is reached and slows down as it passes, this behavior is
analogous to that observed by Srivastava et al. (1982). This
behavior can be showed from (F–t) plots increase as the
external concentration of the exchanging ions is increased
gradually from 0.0005 to 0.0.0015 M. Further, the second
phase of the rate process becomes independent of the concen-
tration of the exchanging ions above 1.5 · 103. Fig. 1 shows
various cations studied follow the following order of the ex-
change rate:Fe3þ > Cd2þ > Naþ
It has now been well established (Aboul-Magd et al., 1985)
that the rate of exchange is governed by the ions, either
through the liquid ﬁlm, surrounding the exchanger material
or through the exchanger particles. The former is considered
to control the rate process in dilute solution (65 · 104 M)
and the latter at higher concentrations of the exchanging ions
(P1.5 · 103 M). In the intermediate concentration ranges
both the diffusion mechanisms mine the rate process. This
behavior may be due to ion concentration where the transition
is getting stronger mass with greater emphasis (Han et al.,
2006), or that the exchange resin has a tendency to hydroxide
ions than the ions study at dilute concentrations. In general,
the adsorption processes in case of cation exchanger are
dependent mainly on the exchange process and on exchange
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Figure 2 Plots of Bt vs. t for ferric, cadmium and sodium ions on Lewatite S-100 (H-form) and at concentrations 0.0005 M,
d= 0.01 M, .= 0.05 M and n= 0.10 M.
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Na(I) > Cd(II) > Fe(III) where is the values of radii, 116,
97, 64 A˚; electro-negativity 2957, 1631 and 496 and the ioniza-
tion potential [3d = Fe(III)] 2957, [2d = Cd(II)] 1631 and
[1s = Na(I)] 496 k J mol1, respectively (Nancollas and
Paterson, 1967).
It can be seen from the ﬁgure also that, the effect of par-
ticle size on uptake of metallic ions was studied with differ-
ent sizes at r= 0.027 cm. Fig. 1 shows that, the extent of
adsorption process increases with increased speciﬁc surface
area. The speciﬁc surface available for adsorption process
will be greater for smaller particles and hence higher kinetic
energy observedwill be greater for metals as particle size de-
creases. For larger particles the diffusion resistance to mass
transport is higher and most of the internal surface of the
particle may not be utilized for adsorption. Therefore, a
low kinetic energy was observed when compared to the largesurface area with the smaller particle size and higher capacity
(Liu and Ren, 2006).
3.2. The application of kinetic models
Table 2 shows that the values of correlation coefﬁcients of ﬁrst
order model and the parabolic model of the systems under
study, where it is noted that the three systems obey the ﬁrst or-
der kinetic model, and also obey the parabolic model in very
dilute solutions. This suggests that such exchange reactions fol-
low the particle diffusion process and the rate-controlling fac-
tor only at this concentration. The factors which determine the
rate-controlling step are readily understood from the values gi-
ven in table. Although these values and the values above these
concentrations are comparable with those required for the
particle-diffusion controlled kinetics of higher ions on cation
exchanger (Aboul-Magd et al., 1985), at lower concentrations
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Figure 3 McKay plots for the exchange of ferric, cadmium and sodium ions on Lewatite S-100 strong exchange resin at different sizes
and at d= 25 C, .= 40 C and n= 60 C.
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served for trivalent or divalent ions on the exchanger (Walton,
1943). In our results, probably the larger ionic sizes of ions and
its slow rate of exchange decreases the possibility of the forma-
tion of a liquid ﬁlm having signiﬁcant concentration gradient
around the exchanger particle. Thus, even at lower solution
concentrations, the prospects of ﬁlm diffusion as the rate
determining step are considerably minimized.
3.3. Effect of temperature on the exchange process and
thermodynamic parameters
The values of Bt as a function of F may be calculated as tab-
ulated by Reichenberg (1953) at various time intervals which
are plotted and given in Table 3 and Fig. 2. It is clear fromthe ﬁgure that, the plot of Bt vs. t for sodium ions at three dif-
ferent temperatures is straight lines not passing through the
origin, and that as the temperature increases from 25 to
60 C, the rate of adsorption increases. This indicates that it
is due to the fact that with increasing temperature the molari-
ties of the ion increase. Similar behaviors are shown by the
other anions used. These results are analogous with those of
several authors (Boyd and Soldano, 1953; Aboul-Magd
et al., 1985).
The experimental conditions were set for the particle-
diffusion to evaluate and calculate the thermodynamic param-
eters of the sorption processes. The energy of activation Ea has
been determined by applying the Arrhenius type expressions
Dongye and Arup (1998). The apparent activation energy for
sodium ions (17.800 k J mol1 and 15.946 k J mol1 for
Figure 4 Scanning electron micrographs of the adsorbents Lewatite S-100 cation exchanger before and after loading of (DMDA).
Table 2 Values of the kinetic models of ferric, cadmium and
sodium on Lewatite S-100 cation exchanger; r= 0.036 cm and
r= 0.027 cm at 25 C.
r (cm) Ion Con. (M) Parabolic diﬀusion First-Order
r1 = 0.036 Fe(III) 0.01 0.960 0.981
0.05 0.879 0.991
0.10 0.965 0.987
Cd(II) 0.01 0.978 0.992
0.05 0.952 0.995
0.10 0.901 0.977
Na(I) 0.01 0.984 0.992
0.05 0.975 0.986
0.10 0.916 0.971
r2 = 0.027 Fe(III) 0.01 0.971 0.990
0.05 0.963 0.992
0.10 0.971 0.994
Cd(II) 0.01 0.980 0.999
0.05 0.947 0.976
0.10 0.877 0.970
Na(I) 0.01 0.980 0.997
0.05 0.957 0.981
0.10 0.960 0.964
Table 3 Values of effective diffusion coefﬁcients D and R for
ferric, cadmium and sodium ions at different temperatures.
r (cm) Ion Con. (M) R · 103 (s1) D · 106 (cm2 s1) t1/2 (s)
r1 = 0.036 Fe(III) 0.01 0.804 11.192 858.2
0.05 1.655 4.608 416.9
0.10 1.933 2.691 356.9
Cd(II) 0.01 0.272 3.786 2536.9
0.05 0.417 1.161 1654.6
0.10 0.559 0.778 1234.6
Na(I) 0.01 0.233 3.243 2961.7
0.05 0.273 0.760 2527.6
0.10 0.417 0.580 1656.0
r2 = 0.027 Fe(III) 0.01 1.654 26.199 417.2
0.05 1.923 6.092 358.8
0.10 2.741 4.342 251.7
Cd(II) 0.01 0.397 6.288 1738.2
0.05 0.526 1.666 1312.1
0.10 1.003 1.589 687.8
Na(I) 0.01 0.320 5.069 2156.2
0.05 0.394 1.248 1751.5
0.10 0.527 0.835 1308.9
Kinetics and mechanism of ion exchange of Fe3+, Cd2+ and Na+/H+ 401r= 0.036 cm and 0.27 cm, respectively) is considerably greater
than that for cadmium and ferric ions, reﬂecting that the sorp-
tion rate of sodium on cation exchanger is affected more
strongly by temperature than that of cadmium or ferric. The
magnitude of activation energies and positive in sign and
may be used to indicate the mechanism of an ion-exchange
process for such exchange. The process of such exchangemay be according to follow the particle-diffusion-controlled
according to Boyd and Soldano (1953) suggestion. Similar
conclusion was reached by Liu and Ren (2006).
It is found that the energies of activation for the adsorption
mechanism under study are in the following order:
sodium > cadmium> ferric. This sequence in Ea values can
also be understood on the basis of higher afﬁnity of Lewatite
S-100 toward ferric as compared to H+, Na+ and Cd2+ ions,
Table 4 Thermodynamic parameters calculated for Fe+++, Cd++ and Na+ ions different temperatures on Lewatite S-100 cation
exchange resin.
r (cm) Ion %Dioxane T (C) Do · 104 (cm2 s1) Ea (k J mol1) DH* (k J mol1) DS* (k J mol1 K1) DG* (k J mol1)
r1 = 0.036 Fe(III) 0.0 25 0.821 8.447 5.969 0.052 21.465
40 5.845 0.052 22.121
60 5.678 0.053 23.327
Cd(II) 0.0 25 3.700 15.248 12.770 0.039 24.392
40 12.646 0.040 25.166
60 12.479 0.040 25.799
Na(I) 0.0 25 7.663 17.800 15.322 0.033 25.156
40 15.198 0.034 25.840
60 15.031 0.034 26.353
r2 = 0.027 Fe(III) 0.0 25 0.676 6.784 4.306 0.054 20.398
40 4.182 0.054 21.084
60 4.015 0.054 21.997
Cd(II) 0.0 25 2.972 12.920 10.442 0.041 22.660
40 10.318 0.042 23.464
60 10.151 0.042 24.137
Na(I) 0.0 25 5.245 15.946 13.468 0.036 24.196
40 13.344 0.037 24.925
60 13.177 0.037 25.498
Table 5 Values of effective diffusion of R and r2 for the correlation coefﬁcient at different surfactance concentrations.
Mechanism* DMDA
0 M 105 M 104 M 103 M
F= Film diﬀusion R · 103 2.179 2.133 5.123 7.232
r2 0.989 0.980 0.993 0.992
P= Particle diﬀusion R · 103 1.869 1.792 4.158 5.961
r2 0.976 0.971 0.979 0.993
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Figure 5 Rate of exchange of ferric ions.
402 A.A.S. Aboul-Magd, O.A. Al-Haddadand the fact that ferric and cadmium are higher than hydrogen
(counter ions), respectively.
For the calculated values of DH* and DS* using Eqs. (10)–
(13). the results are given in Table 4. The positive values of the
standard enthalpy change indicate that the adsorption kinetic
process is endothermic adsorption. The negative values of
DS* correspond to a decrease in the freedom of the adsorbed
mechanism. Other works have reported analogous results for
various adsorption systems (Klumpp et al., 1993). It can also
be inferred from the negative values of entropies of activation
that there is no signiﬁcant change in the internal structure of
the sorbent material.
The representative log (1  F) against t plots (McKay,
1998) is shown in Fig. 3 a non-linear behavior of plots of
log (1  F) for all the systems were studied. This is also evi-
dence in favor of a particle-diffusion mechanism as the rate-
controlling step in the sorption of all systems.
3.4. Effect of non-ionic surfactant on the adsorption of anion-
exchange
Other studies have been carried on the kinetics and mecha-
nism of detergent on chloride ions with cation exchange re-
sin. The effects of detergent (DMDA) are studied by two
methods: (i) loading method and (ii) immersion method. In
ﬁrst the resin is soaking in a solution of detergent in differ-ent concentrations ﬁltered and dryied for the time used. The
second method is carried out in solution containing surfac-
tant in different concentrations and anions under study to-
gether with the anion exchanger using a modiﬁed limited
batch technique.
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Figure 6 Plots of ln (1  F) and ln (1  F2) vs. time at different concentrations of DMDA.
Kinetics and mechanism of ion exchange of Fe3+, Cd2+ and Na+/H+ 4033.4.1. Loading method
One of the parameters that strongly affect the sorption capac-
ity is that of surfactant on adsorbents. With the ﬁxed ferric
concentration, ﬁxed temperature 25 C, it can easily be indi-
cated that the no adsorption has been found at all surfactant
concentrations is increased as shown from scanning electron
micrographs for cation exchanger Lewatite S-100 (Fig. 4).
From the ﬁgure of the scanning electron microscope
(SEM).which was used to determine the active surface area
and porous of the exchanger before and after loading by
non-ionic surfactant N,N-dimethyldodecyl amine (DMDA).
it is observed that there are no holes in the resin after loading
by the surfactant, i.e. shows a blurring of holes are shown in
the exchanger. A demonstrative study has been done to dis-
cover the exchange processes with resin loaded by (DMDA)
at different temperatures .The maximum adsorption was ob-
served at higher temperature with a low induction period time.
This means that at a higher temperature, the sorbent surface
becomes free from the surfactant and thus more net work
groups are available for exchanges of ions. No review on such
speciﬁc behavior in literature in case of non-ionic surfactant
may be given, whereas in case of cationic and anionic surfac-
tants several investigations have been given (Srivastava et al.,
1982; Klumpp et al., 1993; Amara and Kerdjoudj, 2003).3.4.2. Immersion method
The inﬂuence of the initial concentrations of (DMDA) in the
aqueous solutions on the rate of adsorption of ferric was
investigated at the concentration of 0.5 · 103 M. As shown
in Table 5 and Fig. 5, when the initial surfactant concentration
was increased from 103 to 105, the exchanges of ferric ionsincreased. These may be indicative that the initial concentra-
tion of surfactants play an important role as other adsorbent
with cation exchanger. Maximum adsorption capacities of
DMDA were observed at 2400, 1800, 1200 and 600 s for 0.0,
105, and 104 and 103 M, respectively. It is evident from
Fig. 6 that plots of ln (1  F) and ln (1  F2) vs. t for ex-
changes of Fe(III)/H(I) in the absence and in the presence of
different concentrations of non-ionic surfactant, which indi-
cates that the rate determining step is diffusion through the
particle. From the ﬁgure it is also shown that the exchange fol-
lows the linear correlation equation ln (1  F2) against t
(Hellferich, 1962).
4. Conclusion
The following conclusions were drawn based on investigation
of ferric, cadmium and sodium exchange by cation exchange
resin Lewatite S-100 strongly acidic at different conditions : ef-
fects of initial concentration, effects of temperatures and effect
of detergent. The concentrations are determined using Flame
emission-corning 410 in case of sodium ions and by titration
with EDTA in cases of ferric and cadmium ion. Adsorption
kinetics follow particle diffusion as the rate-controlling step.
Kinetic results showed that both bulk and particle diffusion
are effective adsorption mechanisms and follow this order:
ferric > cadmium> sodium.References
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